] to form an intramolecular hydrogen bond with a chlorine atom. The electrochemical behavior of selected representative compounds has been studied. Complexes with ferrocenylated side arms display the expected cyclic voltammograms, two independent reversible one-electron waves of the Ru(II)/Ru(III) and Fe(II)/ Fe(III) redox couples. Introduction of a ferrocenylphosphine onto the ruthenium is reflected by an additonal reversible, one-electron wave due to ferrocene/ferrocenium system which is, however, coupled with the Ru(II)/Ru(III) redox system.
Introduction
Heteronuclear ruthenium complexes with ferrocenecontaining ligands such as [Ru(NH 3 ) 5 (NCFc)] 2þ , are known for more then 25 years [1] . However, arene-ruthenium complexes containing chelating bis(phosphinyl)ferrocene ligands have been reported for the first time by Bruce et al. [2] . Since then, other complexes containing ferrocene and arene-ruthenium units have been synthesized by either coordination to metal by a sulfido, a phosphido or an amido ferrocenyl derivative (for recent examples see [3] ), or reaction of terminal ferrocenyl alkynes with the metal center (for recent examples see [4] ). Nevertheless, the functionalization of an g 6 -arene ligand by a ferrocenyl group has not received great attention, and examples of such compounds are still rare [5] . Among them we have to mention the work of Hidai and co-workers [6] , who have synthesised a ruthenium complex containing a bidentate cyclopentadienyl-modified ferrocenyl phosphine ligand (Scheme 1). In this compound, the cyclopentadienyl moiety is tethered to a phosphine ferrocene derivative in four steps before being activated and finally coordinated to the ruthenium atom. This chiral-at-the-metal complex was used in asymmetric catalysis, but no electrochemical study was performed.
In this paper, we used two different strategies in order to tether a ferrocenyl moiety to an arene ligand coordinated to a ruthenium atom. Both imply a classical esterification reaction, in which the esterification is done either prior to the coordination of the arene ligand (a), or after the arene coordination (b) , as lined out in Scheme 2.
From these two complementary approaches, a wide variety of complexes can be synthesised. (g 6 -C 6 H 5 (CH 2 ) 3 OH)} 2 (l-fc(PPh 2 ) 2 )] (6), respectively (Scheme 4). Compounds 4, 5 and 6 have been characterized by NMR and IR spectroscopy, and by mass spectrometry. Complex 4 was first synthesised by Miyaki et al. [9] from the reaction of [Ru{g 6 -C 6 H 5 (CH 2 ) 3 OH}Cl 2 ] 2 with triphenylphosphine in CH 3 CN. To study its electrochemical behavior, using a slightly different synthetic route, complex 4 was synthesized in excellent yield.
As for complexes 1 to 3, the formation of 4, 5 and 6 is best monitored by 31 P{ 1 H} NMR spectroscopy. These complexes exhibit signals at 29.4, 21.4 and 20.9 ppm respectively. All attempts to crystallize complex 5 and 6 have failed, and only the single-crystal X-ray analysis of complex 4 was obtained, see Fig. 1 . The ruthenium atom possesses a pseudo-octahedral geometry, and the metrical parameters around the metallic core compare well with those of similar three-legged piano-stool [Ru(g 6 -arene)(PPh 3 )Cl 2 ] complexes [10] . A distortion at the arene ligand is present, the Ru-C bond distance trans to the phosphorous atom, Ru(1)-C(1) 2.280 (5) A, is elongated as compared to the other Ru-C bonds [ranging between 2.170(4) and 2.249 (5) A]. In the solid state, an intramolecular hydrogen bond between the hydroxy function and a chlorido ligand is observed. The O-Cl distance of the hydrogen bond [O(1)-HÁ Á ÁCl (1)] is 3.121 (5) A with an angle of 159.2°. Complexes 4, as well as 5 and 6 contain a hydroxy function available for esterification by classical method [11] .
Complexes 4, 5 and 6 react with ferrocenecarboxylic acid in dichloromethane, in the presence of condensation agents, N,N-dicyclohexylcarbodiimine, 4-(dimethyl-amino) pyridine, and 4-pyrrolidinopyridine to give the corresponding ferrocenoyl derivatives, (9), see Scheme 5. These new complexes have been characterized unambiguously by NMR, IR and mass spectroscopy.
The infrared spectrum of 7, 8 and 9 exhibit the characteristic m CO absorption around 1710 cm À1 of the ester function and a set of bands around 1100 and 1000 cm À1 due to the presence of ferrocene moieties. All attempts to crystallize complexes 7, 8 and 9 were unsuccessful. The 1 H and 31 P{ 1 H} NMR spectra of complexes 7, 8 and 9 show the expected signals, being in agreement with the structures proposed in Scheme 5.
Complexes 3, 6, 7 and 9 give rise to the expected molecular peaks m/z at 1568, 1171, 783 and 1595, respectively, which in complexes 1, 4, 5 and 8 the fragments [M-Cl] þ are observed as the most intense peaks. The loss of chlorine atoms have been previously observed for dichloro arene-ruthenium complexes [4c].
Electrochemistry
The representative and some model compounds (such as ligands and precursors) have been studied by voltammetry and cyclic voltammetry on platinum disc electrode. The relevant data are summarized in Table 1 . As revealed by the separation of cyclovoltammetric peaks (DE p 60-70 mV at 100 mV/s scan rate) and their intensity ratios (i pa =i pc ) close to unity, the ferrocene/ ferrocenium oxidations are in all cases one-electron, reversible redox processes. The nature of Ru-centered oxidations is generally more difficult to judge, as the respective waves are sometimes located at the onset of the base electrolyte decomposition. Nevertheless, where both counter peaks are clearly detectable, the dE p and (i pa =i pc ) values also point to a normal one-electron, reversible processes.
The redox potential of the Ru II=III couples in complexes 4 and 5 are higher than those observed in the analogous complexes [RuCl 2 (g 6 Scheme 5. 
A shift of the Ru
II=III redox potential to higher values upon replacing a simple triphenylphosphine with a ferrocenyl phosphine ligand also corresponds well to the mentioned pair and can be accounted for by the preceding oxidation which changes the strongly electrondonating ferrocene substituent at phosphorus into an electron-withdrawing ferrocenium, thus lowering the electron density at the ruthenium center and making the Ru-oxidation more difficult. However, the mutual difference of the Ru II=III potential is notably lower in the present case (0.12 V) than for the mentioned g 6 -C 6 Me 6 complexes (0.18 V).
The presence of a ferrocenyl phosphine in 5 and 6 is naturally reflected by an additional wave due to the ferrocene/ferrocenium couple. Similarly to [RuCl 2 (g 6 -C 6 Me 6 )(FcPPh 2 )], the ferrocene/ferrocenium redox potentials in 5 and 6 are nearly identical with those in the corresponding uncoordinated phosphines, which contrasts with the expected behavior that an electron density decrease at phosphorus, due to the coordination to ruthenium, would be relayed further onto the ferrocene unit and result into an increase of its oxidation potential. As it is apparent that the ferrocene and (g 6 -arene)-ruthenium units communicate electronically (see above), the negligible potential shift is probably a result of an efficient compensation of P ! Ru donation with P Ru back bonding interactions [4c] .
A formal introduction of a second ferrocenyl unit in this type of complexes to give ferrocene-carbonyl-modified compounds 1 and 2 is reflected by the presence of an additional, reversible ferrocene/ferrocenium wave, see Fig. 2 . The wave appears at the same position for both compounds and is shifted by 30 mV cathodically from the oxidation of FcCO 2 H. The ferrocenyl group is separated from the g 6 -arene by a non-conjugated tether and behaves as an independent redox system while the ferrocene group within the coordinated phosphine part communicates with the (g 6 -arene)-ruthenium unit similarly as described for 5 and 6. The Ru II=III and Fe(phosphine) II=III potentials in the pairs of analogous complexes 4-1 and 5-2 differ only insignificantly.
Experimental

General
All manipulations were carried out using freshly distilled CH 2 Cl 2 . NMR spectra were recorded on a [9] were prepared according to the published methods. All other reagents were purchased (Fluka or Aldrich) and used as received.
Electrochemical measurements were carried out with a multipurpose polarograph PA3 interfaced to an XY Recorder 4103 (both by Laboratorn ı p r ıstroje, Prague) at room temperature using a standard three-electrode system: platinum disc working, platinum wire auxiliary, and Ag/AgCl (1 M KCl) reference electrode. The analyzed solutions contained ca. 4 Â 10 À4 M of the analyte and 0.1 M Bu 4 NPF 6 (Fluka, puriss for electrochemistry) dissolved in dichloromethane (Merck p.a., used without further purification) and were purged with argon. Cyclic voltammograms were recorded on stationary disc electrode at 100 mV/s while the voltammograms were measured with rotating electrode (1000 min À1 ) at a scan rate of 20 mV/s. The potentials are given in volts relative to the redox potential of the internal ferrocene/ferrocenium standard. [12] . The refinement and all further calculations were carried out using S HELXL SHELXL-97 [13] . The H-atoms were included in calculated positions and treated as riding atoms using the S HELXL SHELXL default parameters. The non-H atoms were refined anisotropically, using weighted full-matrix least-square on F 2 . Fig. 2 was drawn with ORTEP [14] .
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